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Method for radial tracking in aa optical disc drive 



tfUiUj Ot itm jlpTVENTION 

The present invention relates in general to a disc drive qipaiatus for 
writing^reading information into/fiom an optical storage disc; heieinaflBr, such disc drive 
^aratus will also be indicated as "optical disc drive". 

5 

BACKGROUND OF THE INVENTION 

As is commonly known to p^ons skilled in the ar^ an optical storage disc 
comprises at least one trade, either in the form of a continuous q>iral or in the form of 
multiple conceatric circles, of storage space where information m^ be stored in tiie form of a 
10 data pattran. 

For writing information into die storage space of tiie optical storage disc, or 
for readiiig information fiom die disc, an optical disc drive comprises, on the one hand, 
rotating means for receiving and rotating an optical disc, and on Ifae other hand optical means 
for generating an optical beam, typically a laser beam, and for scanning die storage track witii 
IS said laser beam. 

For optically scanning die rotating disc, an optical disc drive comprises a Ught 
beam genraator device (typically a laser diode), an objective lens for focussing die light beam 
into a focal spot on die disc, and an optical detector for receiving the reflected Hght reflected 
fiom the disc and for generating an electrical detector ou^ut signaL 

^® During operation, die focal spot should remain aligned widi a trade or should 

be c^ble of being positioned with respect to a new track. To this end, at least the objective 
lens is mounted radially displaceable, and the optical disc drive comprises radial actuator 
means for controlling the radial position of die objective lens. 

The electrical detector output signal contains information on die tracking error, 

25 i.e. die radial distance from die centre of the focal spot to the centre of die Hack being 
followed. This electrical detector ou^ signal is received by a control circuit, which 
processes die electiical detector ou^ut signal in order to generate a conHol circuit for die 
radial actuator. 
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output signal is to 



errors, i.e. a displacement of the light spot with respect to the optical detector. 

A well-known solution to this problem is the three-spot push/imU method. 
Althou^ the three-spotpush/imll method solves the beamlanding-sensitivity problem of the 
one-spot push^ method, it mtroduces other disadvantages. For one, it is necessary to use 
hardware equipment for generating three spots. i.e. a three-spot grating, whid» also needs to 
be ahgned; this adds to the complexity and costs of the optical system. Further, a three-spot 
grating effectively splits one laser beam into three, namely one main beam and two auxiliary 
beams, resulting in a reduced Ught intensity of the main beam. 

US-6.388.964 discloses a tracking method where a traddng error signal is 
generated from the detector ou^ut signal on the basis of a differential phase detection 
method. The method as described in this document ^Ues to ROM-drives. i.e. applies to 
discs containing data. Uris means that the method as disclosed in said document can not be 
^hed directly in a drive suitable for handling writable discs, because writable discs may 
liave tracks without data. 
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SUMMARY OF THE INVENTION 

It is a general purpose of the present invention to provide a new radial tiacku3« 
method as alternative to the pushy^puU tracking methods. SpecificaUy. the present invention 

amas to provide a radial tracking method whid. can be used as an alternative to 

push^ull method, havmg the advantages of thethiee-spotpush/imUmethod withouthavmg 
the disadvantages fliereof. 

Particularly, the present invention aims to provide a radial tracking method 
which is less sensitive, ideally insensitive, to beamlanding errors. 

Further, the present invention aims to provide a radial tracking method which 
can be implemented with a simplified optical system without the need for a three-spot 
grating. 

Further, the present invention aims to provide a radial tracking method which 
can be ^plied to discs having tracks without data. 

According to an important aspect of the present invention, a tracking error 
signal is generated on the basis of a wobble signal. Thus, the method of the present invention 
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can be ^Ued in aU cases of writable discs which have a wobbled pro-groove. The wobble 
signal is available even if the trade is CTiq)ty. 

It may be that, in practice, the trackmg method is a£Eected disadvantageously if 

the tack is not enqrty, i.e. if the track contains data. In such case, according to a furt^ 
important aq)ect of . the present invention, a tracking error signal is preferably generated on 
the basis of a data si gnal, 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects, features and advantages of the present invention will 
be fiirther explained by the following description of a prefenred embodiment of a disc drive 
apparatus according to the present invention with reference to the drawings, in which same 
reference numerals indicate same or similar parts, and in which: 

Figure 1 schematically illustrates an optical disc drive apparatus; 

Figure 2 schematically illustates an optical detector in more detail; 

Figure 3 is a graph ilhistating a DTD error signal as a function of the radial 
scanning variable; 

Figure 4 is a blodc diagram illustrating relevant conqionenis of a control 

circuit; 

Figures 5A and 5B are gr^hs illustrating a fiequenoy spectrum of a detector 

output signal; 

Figure 5C is a gr^h iUustrating the behaviour of a characteristic feature of the 
detector ooQmt signal as a function of time; 

Figure 6 is a block diagram illustrating an embodiment of a controllable filteai^ 
Figure 7 is a block diagram illustating an alternative embodiment of an 
adaptive signal processing; 

Figure 8 is a block diagram illustrating an embodiment of a delay calculator. 

DESCRIPTION OF TEDB INVENTION 

Figure 1 schematicaUy illustrates an optical disc drive apparatus 1, suitable for 
storing information on or reading information fiom an optical storage disc 2, typically a DVD 
or a CD or a BD (Bluray Disc). The optical disc 2 comprises at least one track, either in the 
forai of a continuous spiral or in the form of multiple concentric circles, of storage space 
where information may be stored in the form of a data pattern. The optical disc may be read- 
only type, where infonnation is recorded during mannfecturing, which information can only 
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be read by a user. The optical disc may also be a recordable (R) or rewritable (RW) type, 
where infonnation may be stored by a user. Recordable discs are write-once discs, wherl 
information can only be written once, whereas rewritable discs are write-many discs, where 
the information contents can be changed by writing over previously written data. 

The present invention relates particularly to writable discs, indicated as R/RW 
discs, and thus relates particulariy to R/RW disc drives, i.e. disc drives enable of reading 
and/or writing R/RW discs; exanqiles of sudi discs are: CD-R. CD-RW. DVD-RW, 
DVD+-RW. DVm R. BD^RW. Therefore, the present invention wiU heLinafler sp^caUy 
be explained for R/RW disc drives. However, it is explicitiy noted tiiat tiie reference to R/RW 
disc drives is by way of example only, and that it is not intended to restrict tiie scope of flie 
present invention in any way to such example, because tbe gist of tiie present invention is 
also ^Ucable to read-only discs. Particularly, tiie present invention is ^licable to disc 
drives which are only capable of reading discs, whetiier it be a writable disc or not Also, the 
present invention is applicable to disc drives which are only enable of readmg read-only 
discs. 

Since tiie technology of optical discs in general, tfie way in which information 

can be stored in an optical disc and tiie way in vrfiich optical data can be read from an optical 
disc is commonly known to persons skilled in tins art. it is not necessary here to describe tiiis 
technology in more detail. 

For rotating flie disc 2, flie disc drive apparatus 1 comprises a motor 4 fixed to 
a frame (not shown for sake of simpUcity). defining a rotation axis 5. For receiving and 
holding tiie disc 2, die disc drive appaiatiis 1 may comprise a tiimtable or clamping hub 6. 
which in tiie case of a spmdle motor 4 is mounted on tiie spindle axle 7 of flie motor 4. 

The disc drive apparatus 1 further comprises an optical system 30 for scanning 
tracks of tiie disc 2 witii an optical beam. The optical system 30 comprises a light beam 
generating means 3 1 , typically a laser such as a laser diode, arranged to generate a Hght beam 
32. In tiie following, different sections of tiie optical patii of flie Kght beam 32 wiU be 
indicated by a character a, b, c etc added to tiie reference numeral 32. 

The Ught beam 32 passes a beam splitter 33. a collimator lens 37 and an 
objective lais 34 to reach (beam 32b) tiie disc 2. The light beam 32b reflects from tiie disc 2 
(reflected Ught beam 32c) and passes flie objective lens 34. tiie coUmiator lens 37 and flie 
beam splitter 33 (beam 32d) to reach an optical detector 35. 

The objective lens 34 is designed to focus flie Ught beam 32b in a focal spot F 
on an information layer (not shown for sake of simpUcity) of die disc 2. 
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5 06.05^003 
Ducing opraatioD, tJie focal spot should lemam aligned with a trade or should 
he cq>able of being positiouBd with respect to a new. track. To this end, at least the objective 
lens 34 is arranged radially displaceable, and tbe optical disc drive apparatus 1 conqjrises a 
radial actuator 5 1 arranged for radially displacing die objective lens 34 with respect to die 
disc 2. Since radial actuators are known par se, vriale fbrdier the design and operation of such 
radial actuator is no subject of the presoit invention, it is not necessary here to discuss the 
design and operation of such radial actuator in great detaiL 

The disc drive apparatus 1 fiirther con^rises a control circuit 90 having an 
ou^ut 93 coupled to a control inpat of the radial actuator 51, and a read signal vapat 91 for 
receiving a read signal Sr from the optical detector 35. The control circuit 90 is designed to 



derate at its ou^ut 93 a control signal Scr for controlling the radial actuator 51. 

Figure 2 iUustrates that the optical detector 35 coiiq)rises a plurality of detector 
segments, in this case four detector segments 35a, 35b, 35c, 35d, capable of providing 
individual detector signals A, B, C, D, respectively, indicating tbe amount of Ught incident on 
each of the four detector quadrants, respectively. A centre line 36, separating the first and 
fourtii segments 35a and 35d from the second and third segments 35b and 35c, has a direction 
corresponding to the track direction. Since such four-quadrant detector is commonly known 
per se, it is not necessary here to give a more detailed description of its design and 
frmctioning. 

Figure 2 also iUusbates that the read signal mput 91 of the control circuit 90 
actuaUy conaprises four iiiputs 91a, 91b, 91c, 91d for receiving said mdividual detector 
signals A, B, C, D, respectively. The control circuit 90 is designed to process said individual 
detector signals A, B, C, D, in order to derive data and control information therefrom, as will 
be clear to a person skiUed in die art For instance, a data signal So can be obtained by 

summation of all individual detector signals A, B, C, D according to 

Sd = A + B + C + D (1) 

Further, a push-pull traddng error signal Sje can be obtained by summation of 
the signals A and D from aU individual detector segments 35a and 35d on one side of tiie 
centre line 36, summation of die signals B and C from all individual detector segments 35b 
and 35c on tiie other side of the centre line 36, and taking die difference of tiiese two 
summations, according to 

SiE=(A+D)-(B + C) (2a) 
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In order to compensate Kght intensily variations of the beam as a whole, this 
enor signal can be nomiaUsed by division by Ihe data signal to obtain a nonnalised nLking 
error signal RES, according to 

RES = SiE / Sd ^2b) 

hi a case of a disc having tracks m the form of wobbled pregrooves, as is 

known per se. the four signals A, B, C, D wiU contain a signal component havmg a freq^ 
equal to the Imear scanning speed divided by the wobble period. This ficquency is the same 
for all four signals A, B, C, D, but in general the four oscillations are not m phase. 

The wobble-induced signal coniponeats wiU be indicated as Wa, Wb, Wq, 
Wd, respectively, and can mathematically be written as 

Wa = Ka • cos (t - xa) ^a) 
Wb = Kb • cos (x - x^) y^h) 
Wc =Kc • cos (x - xc) (2c) 
Wd = Kd • cos (x - xb) ^^d) 
wherem Ka, Kb, Kc, Kq are die respective amplitudes and 
wherein xa, Xb, Xc, ib are the re^ecthre phases. 

X = 2 JDC/I^ is the tangaitial scanning variable, wherein x represents the track 
distance traveUed by tiie beam 32, and whetem 1„ represents the wobble period. 

It can be shown that tiie respective phases depend on the radial scannmg 
variable <p = 2 ny/tp, wherem tp represents track pitrfi, and wherein y represent die radial eiror. 
i.e. the radial distance betweoi the centre of the spot and the caitre of the track. 

For any pair of signals P, Q (P and Q representing A, B, C, D). tiie mutual 
delay A(P,Q) can be defined as 

A(P,Q) = xp - XQ 

A preferred suitable traddng error signal derived from flie wobble-induced 
signal components is defined as 

DTD4R = A(A3) + A(C J>) (5) 
Figure 3 is a graph showing tiiis preferred trackmg error signal DTD4R 
obtained by a numerical simulation witii DVIM-RW pregroove parameters. The horizontal 
axis represents tiie radial scannmg variable 9, while tiie vertical axis represent DTD4R. It can 
be seen from figure 3 tiiat DTD4R is proportional to <p in a range of <p around zero, so fliat 
DTD4R can indeed be used as tracking error signal. 
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7 06.05^003 
It is noted Ifaat in the simulation it was assumed Hiat two ndghbouring backs 
have dieir tespective wobbles mutually in phase. Nomudly, Ihis will not be the case in 
practice, which may lead to a dififecent sh^e of the error signal DTD4R. Nevertheless, in a 
rangp of 9 around zero, DTD4R rranains prqportianal to 9 to a good qjproxmiation, so that 
DIB4R can still be used as tracking error signal. 

The DTD4R signal as defined by formula 5 is not the only signal potentially 
capable of functioning as tracking error signaL In an alternative enibodiment, a signal 
DTD4T is used, defined as 



DTD4T = A(AJ>) + A(C3) (6) 
However, ^en comparing the DTD4R and DTD4T signals, the DTD4R 

signal is preferred because it introduces less noise in the final error signal than the DTD4T 

signaL 

In another alternative embodiment^ a signal DTD2 is used, defined as 
DTD2 = A(A+C,B+D) (7) 
However, when comparing the DTD4R and DTD2 signals, the OTIMR signal 
is preferred because it introduces less noise in the final error signal than tiie DTD2 signaL 
Further, the DTD2 signal is more sensitive to beamlanding errors. 

The method as described above, i.e. die use of a wobble-derived signal as 
tracking error signal, woiks weU if a track is enqrty, i.e. for a track \^ch does not contam 
aay data written in it ^ however, a track does contam data, the data introduce noise into 
such wobble-derived signaL In order to eliminate or at least reduce this noise, it is possible to 
use, at the control circuit input, a suitable filter which is designed to pass a frequency range 
comprising a signal component useable as tracking error signal, and to stop a frequency range 
comprising the disadvantageous noise components; indeed such an embodunent is an 
embodiment within the scope of the present invention. 

However, if a track does contain data, it is preferred as tracking error signal to 
use a signal derived fiiom the data signaL Then, the wobble-derived signal becomes an 
undesked signal componcnti which can be eliminated or at least reduced by using a suitable 
filter which is designed to pass a frequraicy range comprisiqg a data signal companaA 
useable as tracking error signal, and to stop a frequency range comprising the wobble-derived 
signaL 

Thus, in order to be able to handle a disc whidbi contains written tracks as well 
as virgin tracks, it is desirable to use a controllable filter device which is capable of being 
controlled to have a first filter characteristic suitable for use in the case of a written track and 
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capable of being controUed to have a second filter cbaiacteristic suitable fiir use in flie case of 
aviigintxack. 

Figure 4 is a block diagram schematicaUy showing relevaot components of a 
disc drive according to a preferred embodiment of the invention. In this embodiment, the 
control circuit 90 conqirises four controllable filter devices 110a, 1 10b, 1 10c, 1 lOd, having 
respective outputs 1 12a, 1 12b, 1 12c, 1 12d, and having respective inputs 1 1 la, 1 1 lb, 1 1 Ic, 
1 1 Id coiq»led to the respectivB signal inputs 91a, 91b, 91c, 91d of the conliol circuit 90. 
Further, the conliol circuit 90 comprises two delay calculators 120 and 130, having 
respective ou^uts 123 and 133. 

The first delay calculator 120 has a first input 121 coiq)led to the ou^ut 1 12a 
of the first controllable filter device 1 10a, and has a second ii^ 122 coiq)led to the ou^ 
1 12d of the fourth controllable filter device 1 lOd. At its ou^ut 123, the first delay calculator 
120 provides a signal S 1 representing the delay A(AJ)) between the signals A and D of the 
first and fourth detector segments 35a and 35d, respectively. 

The second delay calculator 130 has a first input 131 coupled to the ou^ut 
1 12b of the second conlxollable filter device 1 10b, and has a second input 122 coupled to the 
output 1 12c of the third controllable filter device 1 10c. At its ou^ut 133, the second delay 
calculator 130 provides a signal S2 representing the delay A(B,C) between the signals B and 
C of the second and third detector segments 35b and 35c, respectively. 

Further, the control circuit 90 comprises a first adder 140, havmg an output 
143. The first adder 140 has a first input 141 coupled to the output 123 of the first delay 
calculator 120, and has a second input 142 coupled to the ou^ut 133 of the second delay 
calculator 130. At its output 143, the first adder 140 provides a signal S3 representing the 
DTD4R signal. 

Further, the control circuit 90 conaprises a second addra- 150, having four 
inputs 151a, 151b, 151c, 151d coupled to the respective signal inputs 91a, 91b, 91c, 91d of 
the control circuit 90. At an output 152, the second adder 150 provides a signal S4 
rq)resenting the central aperture signal CA of the optical detector 35, i.e. the sum signal of 
the four detector quadrants. Further, the control circuit 90 conqjrises a filter controller 160, 
having an input 161 coupled to receive the output signal S4 of the second adder 150. The 
filter controller 160 has an output 162, coupled to respective control inputs 1 13a, 1 13b, 1 13c, 
1 13d of the controllable fiUras 110a, 110b, 110c, llOd. 



PHNL030541EPP 



^ 06.05^003 
Alternatively, the filter controUer 1 60 may have four sepatate orxtpats 1 62a, 
162b, 162c, 162d (not showa), each coiqiled to the respective control h^xxts of the 
controllable filters 1 10a, 1 10b, 1 lOc, 1 lOd. 

The filter controller 160 is designed to evaluate its iiq)ut signal to determine 
5 wheliier or not the current track contains data. . fa a suitable embodiment, this is done on the 
basis of the fiwjnency spectrum of iMs signaL Figure 5A is a graph schematically illustrating 
the sh^e of the fi»quency spectrum 170A of the central ^ertuie signal CA for the case of an 
unwrittrai track, while figure 5B is a similar graph showing die fiequency spectrum 170B of 
the central ^erture signal CA for the case of a written track. In both cases, the horizontal 

10 axis rqwesents frequency in arbitrary units and the vertical axis rqjresents signal power i^ 
arbilraiy units. 

It is noted that these gr^hs are only showing idealized contours of the 
fiequency spectrum, for iUustrating some quahtative aspects m geneiaL In reality, such 
speclia have a more con^Ucated sh^e, as will be understood by persons skiUed in this art 

^*^efo^lo^^.*e index A and B, respectively, to a reference numeral wiU 
be used to specify the case of an unwritten track and the case of a written track, respectively, 
whereas the reference numeral without such index will be used to indicate the corresponding 
feature in ai^ case. 

When comparing figures 5A and 5B, it can be seen that the fiequency 
20 spectrum 170 always contains a first significant peak 171 in a low frequency range of 
approximately 0 to 100 or 1000 Hz. This peak 171 will be indicated by the phrase 
•T>C-peak". Ftolher, it can be seen that the height of the DG-peak 171B for the case of a 
written track is significantly lower than the height of the DC-peak 171 A for the case of an 
unwritten track. 

25 Further, the frequency spectrum 170 always contains a second significant peak 

172 in a range around the wobble frequency, which typically is in Ihe range of 1 MHz m case 
of a IX DVD+RW system. This peak 172 will be indicated by the phrase "wobble-peak". 
When comparing figures 5A and 5B, it can be seen that the height of the wobbl©.peak 172 is 
substantially unaffected by the presence or absence of data. 

Further, in tiie case of a written track, flie fi»quency spectrum 170B contains a 
tiiird significant peak 173B in the range corresponding to data frequencies, typically in the 
range of 1 - 10 MHz in case of a IX DVD+RW system. This third significant peak will be 
hidicated by the phrase "data-peak". Smce an unwritten track does not contain data, flie first 
fiequency spectrum 170A does not contain such datarpeak. 
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Hie filter controller 160 may be designed to use any of the abov^mentioned. 
or possible oflier, differences to decide wb^ or not flie current track contains data, and to 
generate at its ou^ut 1 62 a filter control signal Spc of which the value depends on the 
outcome of this decision such as to switch the filter characteristics of the controllable filters 
1 1 0. For instance the filter conHol signal Spc may have a first value (e.g. a high level or a 
digital "1") if the filter controller 160 finds that data is present, and it may have a second 
value (e.g. a low level or a digital "0") if the filter contxoUer 160 finds that data is not present 

In one embodiment, the filter controller 1 60 may be designed to monitor the 
DC-peak 171 of the CA-signal (or more precisely: to measure the signal power in a low 
ftequencyrange).andtocon5)are the height ofthe DC-peak 171 with a predetermined 
reference level, indicated at 174 in figures 5A and 5B. If the measured height is above this 
predetemMned reference level, the filter controUer 160 decides that data is absent, whereas if 
the measured height is below this predetermined reference level, the filter conlioUer 160 
decides that data is present 

In a second embodiment the filter contaoUer 1 60 may be designed to monitor 
flie data-peak 173 (or more precisely: to measure the signal power in the fiequency range 
corresponding to data fiequencies). and to compare the height of the data-peak 173 with a 
predetermined reference level, mdicated at 175 in figures 5A and 5B. If the measured height 
is above this predetermined reference level, the filter controUer 160 decides that data is 
present, whereas if the measured height is below fliis predelermmed reference level, the filter 
controller 1 60 decides that data is absent 

The above two embodiments have the characteristic that at any time the filter 
controllra- 1 60 finds the current status of the track: YES DATA or NO DATA. However, a 
difiBculty may be to define a suitable value for the reference level, especially in the first ' 
embodiment In an alternative embodiment, based on the same principles as the first 
anbodiment. the filter controUer 160 again is designed to monitor the DC-peak 171 of the 
CA-signal. bul^ instead of comparing the current height of the DC-peak 171 vwth a 
predetemiined reference level, the filter conHoUer 160 monitors variations of die DOpeak 
171. Figure 5C is a time diagram, illustrating an example of changes m the height of the 
DC-peak 171 as a fimction of time (top graph). Starting at the left, the height of the DC-peak 
171 remains substantiaUy constant at a first level H, until time tl, when the height of the 
DCpeak 171 suddenly drops significantly to a lower level L. The filter controUer 160 may 
take such drop as indicating a transition fiom aa empty track to a written track. 
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Afler the drop at time tl. the height of the DC-peak 171 remains sabstantiaUy 
constant again at said lower level L, until time t2, when tiie height of Ifae DC-peak 171 
suddenly rises significantly to the higher level H. The fUter controller 1 60 m^ take such rise 
as indicating a transition firom a written track to an empty trade 

It is also possible that die filter controller 160 is designed to calculate a tu 
derivative of the DC-peak 171, indicated as lower graph 176 in figure 5C. Normally, tiiis 
time-derivative 176 is substantially equal to zero. Only at the transition moments tl and tZ, 
tiiis time-derivative 176 shows a negative and a positive peak, respectively. For using fliis 
signal, liie filter controller 160 may be designed to compare the value of tiiis timcnlerivativB 
with predetermined negative and positive threshold levels, indicated at 177 and 178 in figure 
5C. As long as die magnitude of this time-derivative is below such threshold, a cunent status 
is maintamed. If die magnitude of this time-derivative exceeds any said predetermined 
threshold levels, the filter conlxoUer 160 may take such event as indicating a transition fiom a 
written track portion to an unwritten track portion (if the magnitude of tiie time-derivative 
exceeds the negative direshold level 177) or a transition from an unwritten track portion to a 
written track portion (if the magnitude of tiie time-derivative exceeds tiie positive threshold 
level 178). 

Alternatively, instead of die DG-peak 171, die filter controller 160 may use die 
data-peak 1 73 for finding sudden drops and rises, of for calculating a time-derivative and to 
find peaks in such time derivatives. It should be clear diat, m tins case, a transition from an 
unwritten tiack portion to a written track portion is associated witii a rise of tiie data-peak 173 
and witii a time-derivative exceeding a positive tiireshold level, while a teansition from a 
written track portion to an unwritten Hack portion is associated witii a drop of die data-peak 
173 and wifli a time-derivative exceeding a negative tineshold level. 

Figure 6 is a block diagram schematically iUustiating a possible embodiment 
of a contirollable filter device 110. In tiiis embodiment, tiie controllable filter device 1 10 
comprises two separate filters 1 15, 1 16. The first filter 1 15 is designed to pass signal 
con^onraits in die range of tiie wobble frequency and to stop signal components in die range 
of die data frequencies, whereas flie second filler 116 is designed to stop signal components 
in die range of tiie wobble firequency and to pass signal components in die range of die data 
frequencies. For instance, die first filter 1 1 5 may be a band-pass filter centred at die wobble 
frequency, and die second filter 1 1 6 may be a high-pass filter, having its cut-off frequency set 
at a suitable value between the wobble fi^quency and die data frequencies. 
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Each filter 1 15, 1 16 has its input 1 15a, 1 16a ooiq)led to the iiqmt 1 1 1 of the 
conlrollable fflter device 1 10. and filter 1 15. 116 has its output 1 15b, 1 16b coupled to a 
respective input 1 17a, 1 17b of a controllable switch 1 17. The controllable switch 1 17 has an 
ou^ut 1 17c coiqiled to the ou^ut 1 12 of the controllable filter device 1 10. The controllable 
switeh 1 17 has a control input 1 17d coi^led to the control input 1 13 of the controllable filter 
device i 10. The controUable switch 1 17 is responsive to the control signal received at its 
control input 1 17d to switch between a first opraative state where its ouJput 1 17c is 
connected to its first inpat 1 17a and a second operativB state v«4iere its ou^ut 1 17c is 
connected to its second ii^iut 1 17b. Thus, depending on the operative state of the controllable 

switch 1 17, either the first filter 1 15 or the second filter 1 16 is active, which means that the 
controUable filter device 1 10 as a whole either shows the filter characteristics of the first 
filter or the filter characteristics of the second filter 1 16. 

Figure 7 is a block diagram schematicalfy illustrating an alternative 
embodiment of the control circuit, indicated at reference numeral 290. In this embodunent; 
the control circuit 290 comprises a first branch of filter devices 310a to 310d, delay detectors 
320, 330, and adder 340, connected in a manner comparable to the circuit described above 
with reference to control circuit 90 (figure 4). These conqranents may be identical to the 
components 1 10, 120, 130, 140 in the above-described embodunent of control circuit 90, 
with the exception that the filter devices 3 1 Oa to 3 1 Od do not need to be controlled and 
therefore do not need to be controllable filter devices; in feet, these filter devices 3 10a to 
310d may each be identical to the first filter 1 15 described above. 

Further, in this embodiment, the control circuit 290 comprises a second branch 
of filter devices 410a to 410d, delay detectors 420. 430, and adder 440, connected m a 
manner comparable to the first branch. Likewise, these conqjonents may be identical to Hie 
components 110, 120. 130, 140 in the above^escribed embodiment of control circuit 90, 
with the exception that the filter devices 410a to 410d are not controlled and therefore do not 
need to be controllable filter device; m fact, these filter devices 410a to 410d may each be 
identical to the second filter 116 described above. 

The filter devices 310ato 310d and the filter devices 410a to 410d have their 
respective mputs 3 1 la-d and 41 la-d connected in parallel to the respective inputs 29 la-d of 
the control circuit 290. Thus, the first adder 340 of the first branch provides the wobble- 
derived DTD4 signal, whHe the second adder 440 of the second branch provides the data- 
derived DTD4 signaL 
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.The control ciicait 290 further conqirises a controllable switch 299, v*ich has 
its two mpxiis coupled to the outputs of the adders 340 and 440, respectively, and which is 
controlled by the controller 160, to switch between a fbcst operative state where its first innut 
is connected to its output and a second operative state where its second inpxit is connected to 
its oulpuL So, in this embodiment, too, either the wobble-derived DTD4 signal or the data- 
deiived DTD4 signal is used as traddng error signal. 

While the above dracription clearly explains the principles of the present 
invention, in practice it may be advantageous to invert one of the signals of the signal pairs 
for which the delay A is calculated, which may result in an in5)ioved smoothness of the 
DTD4 signal in the range around q>=0. Such inversion is equivalent to a delay of n. 
Thus, in a more general form, formula (5) can be written as : 

DTD4R = A(A,sB) + A(C,sD) (8) 

wherein s is dther +1 or -1. 

In figures 4 and 7, this functionalily is illustrated as a signal S, which is fed to 
sign inputs 124, 134, 324, 334. 424, 434 of the delay calculators 120, 130, 320, 330, 420. 
430, respectively. This signal S may be equal to. or derived ftom, the ou^ut filter control 
signal Sfc fixmi the filter controller 160. hi an enibodhnent, s equals +1 in the presence of 
data, and s equals -1 in the absence of data. 

Figure 8 is a block diagram which schematically shows how this fimctionalily 
can be implemented in a delay calculator, for example delay calculator 120. The delay 
calculator device 120 of this exanq>le comprises a controllable switch 125, having a first 
input 125a coiq)led to the second device input 122, a second mput 125b, a control uqmt 125c 
coiq>led to the device control input 124, and an ou^ 125d. The delay calculator device 120 
of this example fiirther comprises an inverter 127, having its input coiqiled to the second 
device input 122 and having its ou^ut coupled to the second mput 125b of the controllable 
switch 125. The controllable switch 125 is designed to connect its oulput 125d to either its 
first input 125a or its second input 125b, depending on the vatae of the signal received at its 
control iiqmt 125c. 

The delay calculator device 120 of this exan^le further comprises an actual 
delay calculating unit 126, having a first input 126a coupled to the first device input 121, a 
second input 126b coiqiled to the ou^ut 125d of the controllable switch 125, and an ou^ut 
126o coupled to the device ou^ 123. which actual delay calculating unit 126 is designed to 
calculate the delay between the signals arriving at its two mputs and generating an output 
sigoal representing this delay. 
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Thus, the present invention provides a method for radial tracking in an optical 
disc drive, wherein a DTD tracking error signal is derived from ttte wobblo-induced signal 
components of the optical detector signal. This tracking «tor signal is relatively insensitive 
to beamlanding eirois. and to differences in the signal an,,litudes K of the output signal of 
individual detector segments. Fnrther. the need for a 3-spot grating is eliminated. 

in a preferred embodiment, a distinction is made between on the one hand a 
situation where the trade bemg followed is empty and on the other hand a situation where the 
track being foUowed is written. In case the track being followed is empty, a DTD tracking 
eiror signal is derived ftom the wobble-induced signal components of flie optical detector 

signal, whereas, m case &e track being foUowed is written, a Dm tracking error signal 
derived &om tiie data-induced signal components of tiie optical detector signal. 

It should be clear to a person skiUed in the art that the present invention is not 
limited to the exemplary embodiments discussed above, but that various variations and 
modifications are possible wifliin flie protective scope of the invention as defined in the 
appending claims. 

For instance, the filter controller may be designed to decide whether or not the 
current track contains data on the basis of anoflier criterion. 

Further, in the above, die present mvention has been explained for a case 
where an optical detector 35 produces four ou^ut signals, corresponding to four detector 
segments. aU four of fliese signals bemg used. However, it is also possible tiiat the optical 
detector 35 has a different numb«- of detector segments, hence produces a different number 
of ou^ut signals. It is also possible that the tiackmg error signal is derived from only some of 
the detector ou^ut signals. 

In the above, the present invention has been explained with reference to block 
diagrams, which iUustrate fbnctional blocks of die device according to the present invention. 
It is to be understood tiiat one or more of these fimctional blocks may be hnplemented m 
hardware, where the fimction of such fimctional block is performed by individual hardware 
components, but it is also possible that one or more of tiiese functional blocks are 
implemented in software, so that the function of such fimctional block is performed by one or 
more program lines of a computer program or a programmable device such as a 
microprocessor, microcontroller, etc. 
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CLAIMS: 



1 • Method for radial traddng in an optical disc drive (1), wherein a tracking enor 

signal (S3) is derived from wobble-induced signal conq>oneQts (Wa, Wb, Wq, Wd) of an 
optical detector otdput signal (Sr). 



2- Mefliod according to claim 1, wherem the tracking aior signal (S3) is 

generated according to the formula 

DTD4R = A(A3) + (C J>), herein 

A(A3) represents the delay xa-'Cb between signals Wa = Ka»cos(x-ta) and 
Wb = Kb«cos('C-x;b), 

A(C J5) represents lira delay xc-tD betBveen signals Wc = K:c»cos(x-xc) and 
Wd = Eq)»cos(T-TD). wherein 

^> Kc» S^) are respective anq)litudes 

'tA* Tcs Td are respective phases 
X is the tangential scanning variable 

and wherein Wa, Wb, Wc Wd represent the amount of Ught received at 
respective segments of an optical detector (35). 



3. M 
according to the formula 

DTD4T = A(AJ)) + (C3), wherein 

A(AJ)) represents flie delay ta-xd between signals Wa = Ka*cos(t-^a) and 
Wd = Kd*cos(x-Td), 

A(C3) represents the delay tq-xb between signals Wc = Kc*cos(t-tc) and 
Wb = Ka»cos(T-XBX wherein 

Ka, Kb, Kc, Kd are respective aitplitudes 
Xa» Xb, Xc, Td respective phases 
T is tiie tangential scanning variable 
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and whexean Wa, Wb, Wc, Wd represent the amount of Ught received at 
respective segments of an optical detector (35). 

4. Method according to claim 1, wherein the tracking error signal is generated 
according to Ifae formula 

DTD2 = A(A+C3+D), wherein 

A(A+C3+D) represents die delay Xa-kj-Tbh) between signals 
Wa+WcpKa4C»cos(t-Ta4c) and Wb+Wd= K^+d^cosCt-Xb+d) , wherein 

Ka, Kb, Kc, Kd are respective aii:^)litodes 
iA, Ib, ic> lb are respective phases 
X is Ifae tangential scanning variable 

and wherein Wa, Wb, Wc, Wd represent the amount of Kght received at 
respective segments of an optical detector (35). 

5. Method for radial tracking in an optical disc drive (1), wherein, if flie track 
being foUowed is non^written, a traddng error signal (S3) is derived fiom wobble-induced 
signal components (Wa, Wb, Wc, Wd) of an optical detector ou^ut signal (Sr) 
accordance wifli any of claims 1^, and wherein, if the track being foUowed is written, 
tiaddng error signal (S3) is derived from data^induced signal components of the optical 
detector output signal (Sr). 



m 

a 



6. Method according to claim 5, wherein the optical detector ou^ut signal (Sr) is 
evaluated to determine M^iether die track being followed is non-written or written. 

7. Method according to claim 6, wherein the detennination whether the track 
being followed is non-written or written is made on the basis of the signal power contents of 
a low-frequency part (171) of die central apertiire signal (CA). 

8. Method according to claim 7, wherein the signal power contents of die low- 
frequency part (171) of the cential q)erture signal (CA) is monitored, and wherein, in case a 
substantial drop in signal power is detected, tracking error signal generation is switched to 
deriving die tracking error signal from data-induced signal con^onents whereas, in case a 
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substantial rise in signal power is detected, tracking error signal generation is switched to 
deriving the tracking eatior signal from wobble-induced signal componeaits CWa. Wb, Wc, 
Wd) in accordance with any of claims 1-4. 



9. Method according to claim 6, wherein the detennination Aether the track 

being followed is non-written or written is made on the basis of the signal power contents of 
a data-frequency part (173) of the central aperture signal (CA). 



10 



15 



10. Mediod according to claim 9, wherein the signal power contents of the data- 

frequency part (173) of the central q)erture signal (CA) is monitored, and wherein, in case a 
substantial rise in signal power is detected, tracking error signal generatton is switched to 
deriving the tracking error signal from data-induced signal components whereas, in case a 
substantial drop m signal power is detected, tracking error signal generation is switched to 
deriving the tracking error signal fixjm wobble-induced signal components (Wa, Wb, Wc, 
Wd) in accordance with any of claims 1 -4. 



20 



25 



1 1 . Optical disc drive (1), conqnising: 

an optical system (30) for scanning an optical disc (2) with a light beam (32), 
the optical system (30) conqmsing an optical detector (35) for receiving Hght (32d) reflected 
by the optical disc (2); 

a radial actuator (51) fiw radiaUy displacing a focal spot (F) of the Ughtbeam 

(32); 

a control circuit (90) having an mput (91) for receiving an output signal (Sr) 
of said optical detector (35), and havmg an output (93) for generating a control signal (Scr) 
for said radial actuatra: (51); 

wherein said control drcuit (90) is capable of operating in at least a first 
operating mode wherein said control signal (Scr) for said radial actuator (51) is generated on 
the basis of a tracking error signal (S3) derived firam wobble-induced signal cotaponstas 
(W A, Wb, Wc, Wd) of said optical detector output signal (Sr). 
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Optical disc drive according to claim 1 1, wherein said control drcuit is 
capable of processing said optical detector ou^ut signal (Sr) for calculating a tracking enror 
signal in accordance mtli the method of any of claims 2-4. 



13. 



Optical disc drive according to claim 12, wherein said optical detector (35) 
four-segment detector. 



is a 



14. 



Optical disc drive according to claim 1 1, wherein said control dicuit (90) is 
enable of operating in at least a second qpetating mode wherein said control signal (SqO for 
said radial actuator (51) is generated on the basis of a tracking error signal (S3) derived from 
data-induced signal components of said optical detector output signal (Sr). 



IS 



15. Optical disc drive according to claim 14, wherein said control circuit (90) 

adapted to monitor said optical detector output signal (Sr), and to operate in said fvst 
operating mode when said optical detector output signal (Sr) indicates an unwritten track, 
and to operate in said second operating mode when said optical detector output signal (Sr) 



indicates a written track. 



a 



1 6. Optical disc drive according to claim 1 5, wherein said control circuit (90) is 

adapted to monitor the signal power (171) of low-frequency signal components of said 
optical detector output signal (Sr). to compare the measured signal power (171) with 
predetermined reference level (174), and to operate in said filrst operating mode when said 
measured signal power (171) is above said reference level (174), and to operate in said 

second operating mode when said measured signal power (171) is below said reference level 
(174). 



17. Optical disc drive according to claim 15, wherein said control circuit (90) is 

adapted to monitor the signal power (171) of low-frequency signal components of said 
optical detector output signal (Sr), and to switeh to said first operating mode when said 
measured signal power (171) shows an increase by more than a predetermined amount; for 
instance when the time-derivative (176) of said measured signal power (171) exceeds a 
predetermined positive reference level (178), and to operate in said second operating mode 
when said measured signal power (171) shows a drop by more than a predetermined amount. 
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for instance when the time-derivative (176) of said measured signal power (171) exceeds a 
predetermined negative reference level (177). 
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18. Optical disc drive according to claim 1 5, wherein said control circuit (90) is 

ad^ted to monitor the signal power (173) of data-ftequency signal conqjonents of said 
opticai detector ou^ut signal (Sr), to compare the measured signal power (173) with a 
predetermined reference level (175), and to operate in said first operating mode when said 
measured signal power (173) is below said reference level (175), and to operate in said 
second operating mode when said measured signal power (173) is above said reference level 
(175). 



15 



20 



19. Optical disc drive according to claim 18, wherein said conliol circuit (90) is 
adapted to monitor the signal power (173) of data-fi»quency signal components of said 
optical detector ou^ut signal (Sr), and to switch to said first operating mode when said 
measured signal power (173) shows a drop by more than a predetermined amount, for 
instance \n*en the time-derivative of said measured signal power (173) exceeds a 
predetermined negative reference level, and to operate m said second operatmg mode when 
said measured signal power (173) shows an increase by more than a predetemuned amount, 
for instance when the time-derivative of said measured signal power (173) exceeds a 
predetermined positive reference level (177). 

20. Optical disc drive according to claim 14, wherem said control circuit (290) has 
a first signal processing path (3 lOa-d, 320, 330, 340) for processmg said optical detector 
output signal (Sr) in said first operative mode, wherein said control circuit (90) has a second 
signal processing palh (410a-d, 420, 430, 440) for processing said optical detector ou^ut 
signal (Sr) in said second operative mode, and a controllable switch (299) for selecting either 
said first signal processmg path or said second signal processing path. 



21 . Optical disc drive accordmg to daim 14, wherein said control drcuit (90) 
30 comprises an input filter assembly (1 lOA-D) having a controUable filter characteristic. 

22. Optical disc drive accordmg to claim 21, wherein said input filter assembly 
(1 lOA-D) comprises at least one conlrollable filter device (1 lOA) having a signal input 



25 



PHNL030541EPP 



20 



06.05.2003 

(1 1 la) celled to a optical detector ii^ut (91a) of flie confaol circuit (90), having a signal 
ou^ut (1 12a). and having a control ii^ (1 13a), the controllable filter device (1 lOA) being 
designed to pass signal con^nents in a low-fiequency range and to block signal conq,onen1s 
in a data-fiequency range in response to a control signal (Spc) received at its control input 
(1 1 3a) having a first value, the controllable filter device (1 1 OA) bdng designed to block 
signal components in said low-fiequency range and to pass signal oon^onents in said data, 
fiequency range in response to said control signal (Sjc) received at its control iiq,nt (1 13a) 
having a second value. 
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23. Optical disc drive accotding to claim 22, wherein said controllable filter 

device (110) con iprises: 

a first filter (1 15) having a filter characteristic passing signal components in 
said low-fiequency range and blocking signal components in said data-fiequency range, said 
first filler (1 15) having a filter signal input (1 15a) coupled to the input (1 1 1) of said filt^ 
device (1 10); 

a second filter (1 16) having a filter characteristic blocking signal components 
in said low-fiequency range and passing signal components m said data-frequency range. 

said second filter (1 16) having a filter signal iiqmt (1 16a) coupled to the input (1 1 1) of slid 
filter device (110); 

a controllable switch (1 1 7) having signal ii^uts (1 17a, 1 17b) coupled to filter 
signal ou^uts (1 15b. 1 1 6b). respectively, having a signal ou^ut (1 17c) coi^led to the ou^ut 
(112) of said filter device (1 10). and having a control input (1 17d) coupled to the control 
input (1 13) of said filter device (1 10); 

wherein said controllable switch (1 17) is adapted to couple its ou^ut (1 17c) to 
one of its inputs (1 17a. 1 17b) in response to a control signal received at its control input 
(117d). 



30 



24. Optical disc drive according to claim 21 . fiirtiier comprising: 

a first del^ calculator (120) having: 

a first input (121) coupled to the ou^ut (1 12a) of a first controllable filler 
device (1 lOA) having its signal ii5)ut (1 1 la) coupled to a first optical detector input (91a) of 
the control circuit (90) for receiving the filtered optical ou^ut signal (A) corresponding to the 
amount of Ught received at a first detector quadrant (35a); 

a second mput (122) coupled to the ou^t (1 12d) of a fourth controllable filter 
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device (1 lOD) having its signal input (1 1 Id) coiQiled to a fourth optical detector ii^jut (91d) 
of the control circuit (90) for receiving the filtered optical output signal (D) corresponding to 
the amount of light received at a fourth detector quadrant (3Sd); 

a second delay calculator (130) having: 

a first iiq>ut (13 1) coi^led to tiie ou^t (1 12c) of a third controllable filter 
uovlix? iu\^; iiaviug lis sigcuu n]5>u£ i ic; coupiea lo auura qpucai aetector nq)ut (91c) of 
the control circuit (90) for receiving the filtered optical output signal (C) corresponding to the 
amount of light received at a third detector quadrant (35c); 

a second input (132) coupled to the output (1 12b) of a second controllable 
filter device (11 OB) having its signal input (1 1 lb) coupled to a second optical detector m^vX 
(91b) of the control circuit (90) for receiving the filtered optical output signal .(B) 
corresponding to the amount of light received at a second detector quadrant (35b); 

the delay calculators (120, 130) each being designed to generate an output 
signal (SI, S2) representing the time difference or phase difference of signals received at 
their inputs; 

the control circuit (90) fijrther comprising an adder (140) conqirising two 
inputs (141, 142) coupled to outputs (123, 133) of said delay calculators (120, 130), 
respectively, and an output (143) providing the summation of said two input signals as 
tracking error signal (S3). 
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ABSTRACT: 



A method for radial trackmg in an qpttcal disc drive (1) is described. A DTD 
tracking error signal (S3) is derived from ttie wobble-indaced signal components (Wa, Wb, 
Wc, Wd) of the optical detector signal (Sr). This tracking error signal is relatively insraisitive 
to beamlanding errors, and to differences in the signal amplitudes K of the ou^ut signal of 
individual detector segments. Furdier, the need for a 3-spot grating is eliminated. 

A distinction is made between on the one hand a situation where the track 
being followed is empty and on the other hand a situation where tbe tcack being followed is 
written. In case the track being followed is en^pty, a DTD tracking error signal is derived 
from the wobble-induced signal corqyonents of the optical detector signal, whereas, in case 
pie track being followed is written, a DTD tracking error signal is derived from the data- 
induced signal components of the optical detector signal. 
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